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Introduction
The last decade has witnessed a dramatic revolution in novel treatment strategies for 

metastatic melanoma with BRAF V600 mutations. BRAFi and MEKi have shown striking 
efficacy through targeting BRAF and MAPK pathway mediators (e.g., MEK1 and MEK2), and 
combinations of these two therapies (BRAFi and MEKi doublets) have also been approved 
by the Food and Drug Administration (FDA) [1]. The advent of ICIs, including antibodies 
against cytotoxic T lymphocyte antigen-4 (CTLA-4) and programmed cell death protein-1 
(PD-1), have provided another approach in disinhibiting T cell function and enhancing their 
anti-tumor immune response, rendering them promising in melanoma treatment. With ICIs, 
the treatment landscape of advanced BRAF V600 mutant melanoma further evolves with the 
emergence of the triplet treatment as first line treatment, which is composed of BRAFi, MEKi 
and ICIs. In this paper, we briefly review the current established and emerging treatments for 
BRAF-mutated advanced melanoma, particularly immunotherapy followed by BRAFi+MEKi 
doublet therapy, and triplet therapy, and emphasize the areas where unmet needs and 
uncertainties remain to be solved in the future.

Abstract
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and discuss the unmet needs and challenges to be addressed by future studies.
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Molecular Features and Therapeutic Rationale of 
Melanoma

Efforts in discovering driver mutations in melanoma started in 
the 1980s. However, it was not until 2002 when, through a systematic 
genetic approach, an activating mutation in BRAF, which is a serine 
threonine protein kinase in the RAS/RAF/MEK/ERK pathway, had 
been found harbored in nearly 70% of melanomas. Interestingly, 
~90% of BRAF mutations are missense V600E/K mutations [2], 
which lead to a consequential activation of MEK and ERK signaling 
and result in a dysregulation of cell growth. Moreover, BRAF 
mutations have been found to associate with complex mutational 
profiles in malignant melanoma, including genomic aberrations of 
CDKN2A, CDK4 and TERT. For instance, while the CDK2NA gene 
encodes p16 protein which inhibits CDK4 and CDK6, concurrent 
mutations of BRAF and loss of functional p16 have been detected 
in the majority of melanomas. Given the established pathological 
role of BRAF V600 mutations and MEK activation in melanoma, 
targeted therapies with BRAFi (e.g., vemurafenib, dabrafenib, 
and encorafenib) and MEKi (e.g., cobimetinib, trametinib and 
binimetinib) have gained tremendous interest in the last decade.

Melanoma cells express not only immunogenically specific 
proteins, such as MART-1, tyrosinase, and gp-100, but also 
abundant neoantigens likely due to UV-related carcinogenesis, all 
of which induce a robust T cell immune response [3]. CTLA-4 and 
PD-1, which are expressed on activated T cells, interact respectively 
with B7 and PD-L1 which can cause a reduction in T cell function. 
Via blocking these interactions, ICIs have been shown to elicit 
remarkable antitumor responses and have revolutionized the 
treatment of many cancers, including advanced melanoma.

Frontline Therapies of Melanoma
In this portion, we will provide a summary of the common 

melanoma treatment modalities (Table 1), followed with review of 
targeted therapy, immunotherapy,  triplet therapy and sequence 
of systemic therapies in advanced melanoma treatment.

Table 1: Melanoma treatment modalities.

Chemotherapy Dacarbazine, Temozolamaide

Immune checkpoint inhibitors Ipilimumab, nivolumab, Atezolizumab, 
Pembrolizumab

Immunotherapy Interleukin-2, Interferon-a

Targeted therapy

BRAFi: Vemurafenib, dabrafenib, 
encorafenib

MEKi: Trametinib, cobimetinib, 
binimetinib

Virotherapy T-VEC

Targeted therapy: BRAF/MEK inhibition
In 2011, vemurafenib became the first BRAFi to be approved by 

the FDA for treatment of BRAF V600 mutant melanoma, followed 
by dabrafenib and encorafenib. These therapies all demonstrated 
improved survival outcomes in advanced melanoma treatment in 
comparison to standard chemotherapy such as dacarbazine, an 

alkylating agent [4]. More recently, Pfizer has developed a potent, 
selective, and highly brain-penetrant BRAF inhibitor PF-07284890 
(ARRY-461) which is undergoing clinical trial (NCT04543188), and 
they are specifically enrolling patients with BRAF V600-mutant 
cancers with and without brain metastasis [5]. However, rapid 
development of drug resistance was reported following BRAFi 
monotherapy, especially vemurafenib, despite the encouraging 
clinical benefits. This is potentially due to the emergence of 
BRAFV600E splicing variants which are insensitive to the BRAFi 
monotherapy, as well as the overactivation of wild-type BRAF after 
BRAFi inhibits mutated BRAFV600 [6]. 

Aiming to more effectively target MAPK pathways and reduce 
this resistance, BRAFi and its downstream MEKi were combined as 
a doublet treatment for BRAF-mutated melanomas. In the COMBI-d 
trial, trametinib was added to dabrafenib as a first-line systemic 
treatment of unresectable or metastatic BRAFV600E/K mutation-
positive cutaneous melanoma. In comparison to treatment 
with dabrafenib monotherapy, treatment with both trametinib 
and dabrafenib was associated with prolonged median overall 
survival (OS) (25.1 months vs 18.7 months) and increased median 
Progression Free Survival (PFS) (11.0 months vs 8.8 months) [7]. 
The extended follow-up data from the COMBI-v trial demonstrated 
this combination continued to improve both PFS and OS (4-year 
PFS 21%; 4-year OS 37%) [8]. Additionally, in the coBRIM trial, the 
combination of vemurafenib and cobimetinib exhibited remarkably 
improved median OS (22.3 months vs 17.4 months) and PFS (12.3 
months vs 7.2 months), compared to vemurafenib monotherapy 
after ≥5 years since the last patient was randomized [9]. Similarly, 
in the Columbus trial, encorafenib together with binimetinib led 
to a median PFS of 14.9 months and OS of 33.6 months, compared 
to a 9.6-month median PFS and a 23.5-month median OS with 
encorafenib monotherapy. Overall, in these clinical trials, treatment 
with BRAFi and MEKi all led to an objective response rate (ORR) 
over 60% and Complete Response Rate (CRR) above 10% [10]. 

Immunotherapy
The CTLA-4 and PD-1 blockade has been shown to improve 

antitumor T cell responses and tumor cell eradication in preclinical 
tumor models. The subsequent development of monoclonal 
antibodies against CTLA-4 (e.g. ipilimumab) and targeting PD-1 
(e.g. pembrolizumab, nivolumab, atezolizumab) and the successful 
outcomes of ICIs in clinical trials with advanced melanoma patients 
has significantly transformed the melanoma treatment paradigm. 
In the CheckMate067 trial, untreated unresectable stage III-
IV patients were randomized into ipilimumab, nivolumab and 
nivolumab+ipilimumab treatment groups. With a follow-up of 6.5 
years, the median OS was 19.9 months with ipilimumab, 36.9 months 
with nivolumab, and 72.1 months with nivolumab+ipilimumab. 
The median treatment-free interval was 1.9 months, 2.3 
months, and 27.6 months with ipilimumab, nivolumab and 
nivolumab+ipilimumab respectively. In addition, after ipilimumab, 
nivolumab, and nivolumab+ipilimumab treatment, respectively 
43%, 74%, and 81% of all the patients alive in follow-up were off 
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treatment and never received subsequent systemic therapy [11-
13], indicating the remarkable success of combinational ICIs.

Triplet therapy
Based on the successful clinical outcomes of targeted therapy 

and immunotherapy, the combination of these effective modalities 
appears as a logical next step for BRAF-mutated melanoma treatment. 
In the IMspire150 clinical trial, unresectable stage III-IV patients 
were randomized into vemurafenib+cobimetinib+atezolizumab 
or vemurafenib+cobimetinib+placebo groups. With median follow 
up of 18.9 months, a remarkably prolonged median PFS (15.1 
months) and duration of response (DOR) (21.0 months) were 
observed in the vemurafenib+cobimetinib+atezolizumab group, 
in comparison to the vemurafenib+cobimetinib+placebo group 
which demonstrated a median PFS of 10.6 months and DOR of 
12.6 months [14]. In the KEYNOTE022 trial, previously untreated 
BRAFV600E/K-mutated advanced melanoma patients were 
randomly assigned into pembrolizumab+ dabrafenib+trametinib or 
dabrafenib+trametinib groups. With triplet and doublet treatment, 
respectively, the median PFS was 16.9 months vs 10.7 months; the 
PFS at 24 months was 41.0% vs 16.3%; the median DOR was 25.1 
months vs 12.1 months; the OS at 24 months was 63.0% vs 51.7% 
[15]. All these results suggest clinically significant improvement in 
survival and duration of response with triplet treatment compared 
to with doublet treatment.

Sequence of systemic therapies for metastatic BRAF 
V600 mutant melanoma

While BRAFi/MEKi and ICIs have both been shown to result 
in significant clinical outcomes, a clinical dilemma has appeared 
regarding how to sequence these agents to exert the best outcomes 
in patients with BRAF mutated melanoma. Some studies suggest 
that while prior treatment with ICIs does not negatively impact 
patients’ responses to BRAFi, treatment with ICIs following BRAFi 
discontinuation leads to poor responses [16]. While BRAFi+MEKi 
demonstrates a better outcome than BRAFi singlet treatment and 
ICI doublet therapy leads to more success than ICI singlet therapy, 
it is of great interest to explore the sequence of BRAFi+MEKi 
therapy and ICI doublet therapy when combining them for 
treatment. Recently, the DREAMseq trial was designed to compare 
the effectiveness of the sequence of nivolumab+ipilimumab 
followed by dabrafenib+trametinib to the converse sequence 
(dabrafenib+trametinib followed by nivolumab+ipilimumab). 
The results show that the treatment sequence starting with 
nivolumab+ipilimumab results in improved OS (which became 
evident at 10 months) and long-term treatment-free survival [17]. 
This study has shed light on optimal sequencing of treatment with 
ICIs and BRAFi/MEKi; other questions including how to sequence 
PD-1 monotherapy and BRAFi/MEKi remain to be further explored.

Discussion 
Therapies for advanced melanoma have rapidly evolved in the 

past decade, with substantial improvement in patient response 
and survival rate. ICIs, whose efficacy has been proven in various 

clinical trials such as CheckMate067, have become one of the 
preferred treatment modalities and induced the emergence of 
triplet treatment. In the recent clinical trials comparing triplet and 
doublet treatment, triplets have demonstrated even more promising 
outcomes. However, it is still noteworthy that, so far, all the reported 
clinical trials involving triplets have failed to include control groups 
of ICIs alone. Therefore, we are still unable to directly compare 
the efficacy of triplets and ICIs such as nivolumab+ipilimumab. 
Regarding safety, with the toxicities known to be mostly derived 
from targeted therapies, the severe adverse events and sum of 
toxicities remain to be a concern for triplet compared to doublet 
treatment for further clarification. The current clinical practice 
guideline in metastatic BRAF mutated melanoma is to start patients 
on dual immunotherapy with nivolumab + ipilimumab first if they 
are able to tolerate the potential toxicities.

Increasing understanding of molecular features in melanoma 
and tumor microenvironment has prompted the development 
of more potential treatments. For instance, the investigation of 
inhibitory co-receptors such as lymphocyte-activation gene-3 (LAG-
3) and T cell immunoglobulin mucin-3, as well as indeoleamine 
2,3-di-oxygenase has led to RELATIVITY-047 trial. In this trial, 
relatlimab, the LAG-3 blocking antibody was combined with 
nivolumab and demonstrated a greater outcome than nivolumab 
treatment alone in untreated advanced melanoma [18]. Talimogene 
laherparepvec (T-VEC), an oncolytic herpes virotherapy expressing 
granulocyte macrophage colony-stimulating factor (GM-CSF), has 
been generated aiming to cause simultaneous tumor cell lysis and 
immune cell recruitment. With an ORR of 26% and CRR of 11% 
compared to an ORR of 6% and CRR of 1% with GM-CSF treatment, 
T-VEC has exhibited a higher efficacy in regressing tumors than 
immunostimulatory gene product alone. After demonstrating 
an improved durable response in patients with stage IIIB-IV 
melanoma, T-VEC was approved by the FDA in 2015 [19]. All 
these attractive approaches have provided us with more means of 
prolonging survival and enhancing the recovery rate in advanced 
melanoma patients [20]. 

With the development of a more intricate treatment landscape, 
the individualization of treatment for each patient has gradually 
attracted more attention with concerns that a “one size fits all” 
therapy might not be sufficient in treating every metastatic 
melanoma patient in the future. Optimizing the selection, sequence, 
and combination of different therapies, developing new effective 
therapies with substantial durable response, and balancing clinical 
benefit with adverse events in combinational therapies remain to 
be further explored in future studies.

Conclusion
The approval of targeted therapy and immunotherapy in 

the past decade has led to a revolution in the field of advanced 
melanoma treatment. Doublet and triplet therapies have further 
been designed for improved clinical outcome. Optimization of 
the selection and sequence of therapies still warrants further 
exploration in order to reach the maximal probability of inducing 
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complete and durable remission and enhanced long-term outcomes 
for advanced melanoma patients.

Future Perspectives
For the successful treatment of advanced melanoma, paradigm-

changing treatment modalities including the targeted therapy and 
immunotherapy have been developed in the past decade. Multiple 
clinical trials are currently undergoing that study and compare the 
efficacy of these therapies in different combinations and sequences. 
With these remarkable achievements, deeper understanding of 
advanced melanoma pathways and the mechanisms by which the 
drug resistance emerges remains necessary and will potentially 
lead to more effective therapies. Additionally, identification 
of new synthetic compounds targeting unique components in 
the molecular profile of advanced melanoma are still of great 
interest and expected to yield new treatment options. While the 
current immunotherapies that hamper the immune tolerance 
have shown great success, further exploration of the complex 
tumor microenvironment that supports the melanoma growth 
and promotes immune tolerance is expected to lead to the next 
breakthrough in immunotherapies for advanced melanoma.
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